Uptake and metabolism of low density lipoproteins with elevated ceramide content by human microvascular endothelial cells: implications for the regulation of apoptosis.
Ceramide is a bioactive molecule involved in cellular responses to stress and inflammation. The major pathway for ceramide accumulation is via agonist-induced activation of cellular sphingomyelinases. It has also been shown that the ceramide level in circulating low density lipoprotein (LDL) increases during systemic inflammation, hence it is of importance to understand whether LDL-derived ceramide also contributes to the cellular ceramide homeostasis and affects cell functions. This article provides evidence of uptake of ceramide-enriched LDL by human microvascular endothelial cells in a receptor-mediated fashion. This uptake can be competed by native LDL, indicating that the LDL-binding receptor may be involved. Following uptake, part of the LDL-derived ceramide is converted to sphingosine, but more importantly, part of it accumulates inside the cells (approximately 1.44 nmol/mg of cell protein). This accumulation of ceramide correlates with an increased incidence of apoptosis. The addition of tumor necrosis factor-alpha further enhances the accumulation of LDL-derived ceramide and the rate of apoptosis. In contrast, inhibitors of receptor-mediated endocytosis block both, the accumulation of LDL-derived ceramide and the concurrent increase in apoptosis. We also show that LDL-delivered ceramide is a more efficient inducer of apoptosis as compared with ethanol-delivered ceramide, the same apoptotic effect being achieved by substantially smaller increases in intracellular ceramide. Taken together, the presented data indicate that increases in lipoprotein ceramide concentration may result in changes in the bioactive properties of circulating lipoproteins such as the enhanced ability to induce apoptosis in the microvascular endothelium.